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Each year,more than 350,000 women die from pregnancyor delivery-related causes and the vast majority of these deaths occur in developing countries. 1 Each pregnancy puts a woman at risk of maternal death, but women who have induced abortions, miscarriages or stillbirths have been found to be at a higher risk of maternal mortality than those who have live births. [2] [3] [4] Most induced abortions in developing countries are performed in unsafe conditions 5 and carry a high risk of mortality. 6 Miscarriages have been found to carry a lower risk of maternal mortality than induced abortions, while stillbirths have been associated with a higher risk of maternal death than have live births. 4 Bangladesh, a country with unfavorable socioeconomic conditions, has been a family planning success story, achieving a relatively low level of fertility-2.7 births per woman-according to data from 2004 to 2007. 7 For the period 1998-2001, the nation had a moderate level of maternal mortality-322 deaths per 100,000 live births-especially considering its poorly managed and inefficient health infrastructure and low rate of institutionalized deliveries; 8 nationwide, about 15% of deliveries take place in facilities. 9 Regional data suggest that about 4%, 6% and 3% of pregnancies end in induced abortion, miscarriage and stillbirth, respectively. 9 Volume 36, Number 4, December 2010 a woman's last menstrual period. The procedure is available from trained female paramedics at the government and private health centers in both Matlab areas. The MCH-FP project does not provide pregnancy termination services, but the induced abortions that do occur in the MCH-FP area are more likely to be menstrual regulations than those performed in the comparison area. 18 This procedure carries a considerably lower risk of maternal mortality than abortions performed by traditional healers; such healers, as well as abortions performed by them, are still common in each area. 19 The husband's consent is not legally required prior to menstrual regulation, but many providers ask for it.
Maternal and Child Health Outcomes
The MCH-FP area has lower rates of fertility, 9 induced abortion, 20 miscarriage 21 and stillbirth 22 than the comparison area, and greater antenatal care coverage and better access to basic and emergency obstetric care. 9, 14 In both areas, contraceptive prevalence has increased over time: In the MCH-FP area, it rose from 46% in 1984 to 70% in 1999, while in the comparison area it grew from 16% in 1984 to 51% by 1999. 21 Meanwhile, the total fertility rate in the MCH-FP area declined from about five births per woman in the early 1980s to three births in the 2000s, whereas the rate in the comparison area was one birth higher than the MCH-FP rate in each period. 21 Since 2006, however, fertility rates have converged in the two areas, at around 2.5 children per woman. Furthermore, infant mortality rates declined in the MCH-FP area, from about 100 deaths per 1,000 live births in the early 1980s to 21 deaths per 1,000 in 2008, and from about 120 deaths per 1,000 live births to 36 deaths per 1,000 over the same period in the comparison area. 9, 21 According to earlier studies, the comparison area is typical of much of Bangladesh in contraceptive use, 21 fertility and childhood mortality, 7 and maternal mortality. 8 In this article, we compare maternal mortality in the MCH-FP area with that in the comparison area. We investigate the extent to which the MCH-FP area's lower pregnancy rates; lower incidence of induced abortion, miscarriage and stillbirth; and better management of pregnancies and deliveries-especially those that did not result in a live birth-help explain the difference in maternal mortality between these areas during the period studied. An understanding of the factors associated with mortality differences could help in the design of programmatic interventions to reduce maternal mortality in Bangladesh and elsewhere.
METHODS

Data
The Matlab DSS collects longitudinal data on pregnancy outcomes and maternal deaths in both the MCH-FP and comparison areas. Female community health workers have made regular visits to each household (biweekly between 1966 and 1999, monthly between 2000 and 2006, or river transportation.
Since 1977, women in the MCH-FP area have received a series of carefully designed reproductive health interventions that may directly or indirectly affect maternal health and mortality. Between 1978 and 2001, female community health workers provided family planning counseling and supplies of injectables, pills and condoms at women's homes during biweekly or monthly visits. Four health centers were established in 1987 in the MCH-FP area, and since 2001, these centers have provided health and family planning services. Tetanus immunization was introduced in 1979, and coverage has been universal since 1990. Antenatal screening-a basic safe motherhood interventionbegan in 1982 in the MCH-FP area, and is conducted by female health workers using a simple screening tool.
Between 1987 and 2001, additional safe motherhood interventions were introduced in the MCH-FP area. In 1987, four trained midwives were posted in each of two of the four new health centers; their tasks were to be on 24-hour call to attend home deliveries and provide basic obstetric care. Midwives also encouraged family members of pregnant women who experienced complications to take them to the Matlab Heath Center, where emergency care (but not caesarean section or blood transfusion) is available; women with serious complications were transported to the district hospital in Chandpur. In 1990, additional midwives were posted in the other two health centers to provide delivery and obstetric care. Furthermore, pregnant women in the MCH-FP area were advised to contact a midwife for counseling, antenatal and delivery services; they received an illustrated card with information about antenatal care and about signs of danger related to pregnancy. Female community health workers were also trained to refer women with danger signs or pregnancy complications to midwives or paramedics. Between 1996 and 2001, maternity care was gradually redesigned to be facility-based, and as basic obstetric care began to be provided in the four health centers, home-based delivery care by midwives was withdrawn. Overall, the project has made systematic efforts to increase institutional deliveries in the four health centers. 11, [13] [14] [15] [16] During 1996-2002, 58% of pregnant women in the MCH-FP area received at least one antenatal checkup, and 52% received a checkup in the third trimester. 17 Recently, institutional deliveries have increased remarkably in the MCH-FP area. 13 In the early 1990s, only a few births occurred in health facilities; by 2005, the percentage of such births had increased to more than 30%, which had further increased to 66% by 2008. 9 In contrast, only 18% of deliveries in the comparison area took place in health facilities in 2008. 9 
Induced Abortion in Bangladesh
Induced abortion is legal in Bangladesh when it is performed to save a woman's life. In addition, early uterine evacuation-or menstrual regulation-using manual or electric vacuum aspiration is permitted within 10 weeks of and bimonthly since 2007), and record pregnancy status at the time of the visit, as well as any pregnancy outcome that occurred since the prior visit.* The data on induced abortions and miscarriages are considered reliable, because through their frequent household visits the female health workers have established themselves as trustworthy and so are in a good position to collect accurate information on pregnancy outcomes. 10 Even if some underreporting of miscarriages or induced abortions occurs, the extent of the underreporting should not differ significantly between the MCH-FP and comparison areas. 23 The DSS records on deaths are reliable, especially for adults, but maternal deaths may be underreported because some may be misclassified as due to other causes. According to the 10th revision of the International Classification of Diseases (ICD-10), a maternal death is "the death of a woman during pregnancy or within 42 days of pregnancy outcome from any cause related to or aggravated by the pregnancy or its management, but not from accidental or incidental causes." 24 Investigators have collected further information on maternal mortality in Matlab to improve the identification of maternal deaths that occurred between 1976 and 2005, 14, 16, [25] [26] [27] and have updated the DSS death files accordingly. They expanded the ICD-10 definition to include deaths within 90 days of a pregnancy outcome, 28 which is the definition used in this study.
We analyzed maternal mortality for a sample of 165,894 singleton pregnancy outcomes that occurred in Matlab during 1982-2005 by matching death records through the unique DSS identification numbers. We excluded 1,711 pregnancies (1% of the sample) that involved twins or triplets, because such outcomes carry an additional risk of maternal death. Our analysis considered the period 1982-2005 for two main reasons. First, basic safe motherhood activities in the form of antenatal care screening began in 1982 in the MCH-FP area; before that year, only family planning and child health interventions were in place. Second, although maternal mortality data are currently available through 2008, the classification of deaths after 2005 was not as rigorous as that used before then.
We considered 553 maternal deaths: Of these, 201 women died during pregnancy (it was unknown whether any of them were carrying multiple fetuses), 305 died within 42 days of the end of the pregnancy and 47 died 43-90 days after the pregnancy outcome. Although these 47 deaths would not be classified as maternal deaths according to ICD-10, we retained them for this analysis, since they were recorded as maternal deaths in the DSS. As a check, we repeated the analysis without classifying these cases as maternal deaths, and the main findings remained unaltered.
Measures
We examined four measures of maternal mortality. We first looked at the maternal mortality ratio, which is defined as the number of maternal deaths per 100,000 live births. This measure is widely used and allowed us to compare our results for Matlab with those from other studies. However, because the denominator is the number of births rather than the number of pregnancies, the maternal mortality ratio does not represent the mortality risk associated with each pregnancy. (The mortality ratio is widely used because most data sets lack information on pregnancy outcomes other than live births.)
Next, we considered maternal mortality risk, which is defined as maternal deaths per 100,000 pregnancies. It measures the likelihood that a pregnancy will result in a maternal death. Other studies of maternal mortality, including some in Matlab, have also used this measure. 14, 29 The risk of maternal mortality will always be lower than the maternal mortality ratio because the denominator of the former is larger than that of the latter. We examined maternal mortality risks for all pregnancies and also for those with particular outcomes.
Our final two measures are the maternal mortality rate, which is the probability that a woman will die from a maternal cause in a year, and women's lifetime risk of maternal mortality. The maternal mortality rate is defined as the number of maternal deaths per 100,000 women of reproductive age (aged 15-49), and it reflects not only the risk of maternal death per pregnancy, but also the pregnancy rate in the population. Because we present averages of data for the period 1982-2005, the denominator for our rate is woman-years. The lifetime risk is calculated by multiplying the maternal mortality rate by 35 (the number of years between ages 15 and 49).
Analysis
Most of our analyses focused on the risk of maternal mortality, and we assessed how this risk varied by pregnancy outcome (induced abortion, spontaneous abortion or mis- *The DSS uses the following definitions:A live birth is the delivery of a live baby at any gestational age;a stillbirth is a fetal loss at 28 weeks'gestation or later; a spontaneous abortion, or miscarriage, is a fetal loss prior to 28 weeks' gestation; and induced abortion is the intentional termination of a pregnancy.
Pregnancy Outcomes and Maternal Mortality in Matlab,Bangladesh
that for the first two measures because women in the MCH-FP area had a lower average annual rate of pregnancy than those in the comparison area (12% vs. 15%).
Mortality Risk by Pregnancy Outcome and Area
Among women who died of pregnancy-related causes, 36% died during pregnancy, 6% of deaths were among women who had an induced abortion, 5% were among women who had a miscarriage, 20% occurred after a stillbirth and 34% resulted from complications of a live birth (Table 2 ). When only women who had a pregnancy outcome were considered, 9% of deaths followed an abortion, 7% a miscarriage, 31% a stillbirth and 53% a live birth. Thus, the 13% of pregnancies that ended in an abortion, a miscarriage or a stillbirth (4%, 6% and 3%, respectively) accounted for 47% of maternal deaths, while the 88% of pregnancies that ended in live births accounted for 53% of maternal deaths. Notably, stillbirths-representing only 3% of all outcomes-accounted for 31% of maternal deaths associated with a pregnancy outcome. Pregnancies in the MCH-FP area were more likely than those in the comparison area to result in live births (89% vs. 86%; odds ratio, 1.3- Table 3 ). The odds of a pregnancy ending in an induced abortion, a miscarriage or a stillbirth were lower in the MCH-FP area than in the comparison area (0.5, 0.9 and 0.9, respectively); there was no difference between areas in the likelihood of a woman dying during pregnancy.
carriage, stillbirth, live birth or death while pregnant before experiencing an outcome) and area (MCH-FP or comparison). The maternal mortality risk for each type of pregnancy outcome represents the case-fatality rate for women with that outcome.
We calculated unadjusted odds ratios to compare the mortality risks between areas or pregnancy outcomes, as well as between both areas and outcomes. We then calculated adjusted odds ratios of the mortality risks associated with different types of pregnancy outcomes in the two areas, using a logistic regression model that controlled for the following demographic and socioeconomic variables, which have been shown or hypothesized to affect women's likelihood of dying from pregnancy-related causes: 14 maternal age, pregnancy order, prior child death, prior pregnancy loss, maternal education, household space (a proxy for household wealth), religion and calendar year of the pregnancy outcome. This analysis included interactions of outcome and area to allow the outcome effects to differ between areas.
Finally, we performed a simulation exercise to assess the extent to which the difference in maternal mortality rates between the areas was attributable to their differences in pregnancy rates, distribution of pregnancy outcomes and casefatality rates associated with outcomes. For the assessment of the effects of the last two factors, the case-fatality rates of each area were applied to the pregnancy-outcome distribution of the other area, and these simulated risks of maternal mortality were compared to the observed risks of maternal mortality in each area.
RESULTS
Maternal Mortality Measures
For the period 1982-2005, the maternal mortality ratio in Matlab was 381 deaths per 100,000 live births ( Table 1) . The maternal mortality risk was lower-333 deaths per 100,000 pregnancies. The average annual maternal mortality rate was 44.8 pregnancy-related deaths per 100,000 women of reproductive age. Finally, the lifetime risk of maternal mortality over this period was 1,567 deaths per 100,000 women; that is, a woman had a 1 in 63 chance of dying from a maternal cause during her reproductive lifetime.
For all indicators of maternal mortality, the value for the MCH-FP area was significantly lower than that for the comparison area: The maternal mortality ratio was 23% lower, and the maternal mortality risk was 21% lower. (The difference is due to the fact that more pregnancies in the former area resulted in live births.) Both the maternal mortality rate and the lifetime risk of dying from maternal causes were 37% lower in the MCH-FP area (e.g., the maternal mortality rates in the MCH-FP and comparison areas were 34.8 deaths and 55.6 deaths per 100,000 women, respectively). Women in the comparison area had a one in 51 chance of dying from maternal causes, while those in the MCH-FP area had a one in 82 chance. This difference between the areas for the latter two measures was greater than In the two areas combined, the maternal mortality riskthe case-fatality rate-was 129 deaths per 100,000 pregnancies for women who had singleton live births, which was 61% lower than the overall mortality risk of 333 deaths per 100,000 pregnancies ( Table 4 ). The risk among women whose pregnancies ended in an induced abortion, miscarriage or stillbirth was 798 deaths per 100,000, or 6.2 times as high as the risk for women who had a live birth. The risk of maternal mortality was 541 deaths per 100,000 among women who had an induced abortion, 254 deaths per 100,000 among those who had a miscarriage and 2,196 deaths per 100,000 among those who had a stillbirth. Compared with the odds of dying during a live birth, the odds of dying from these outcomes were 4.2, 2.0 and 17.4, respectively. The risk of dying during pregnancy was 121 deaths per 100,000 pregnancies, which was similar to the risk associated with live births.
Overall, maternal mortality risk was 21% lower in the MCH-FP area than in the comparison area (292 vs. 369 deaths per 100,000 pregnancies). There was no difference between areas in the mortality of women who had singleton live births (129 deaths per 100,000 in each area). In contrast, the odds of death among women with pregnancy outcomes other than live births were 40% lower in the MCH-FP area than in the comparison area (573 vs. 951 deaths per 100,000 pregnancies). The differences were largest for miscarriages (52% lower) and induced abortions (49% lower), followed by stillbirths (39% lower),
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and the risk of dying during pregnancy was 11% lower. However, because of the relatively small sample sizes for these four categories, only the difference for stillbirths was statistically significant.
In a logistic regression model that controlled for demographic and socioeconomic variables (not shown), the adjusted odds were similar to the unadjusted odds presented for the two areas combined in Table 4 . Compared with the risk of dying during a live birth, risks were elevated in the MCH-FP and the comparison area for induced abortion (2.5 vs. 5.1), miscarriage (1.3 vs. 2.5) and stillbirth (11.5 vs. 19.6-p<.05); the difference in odds ratios between the areas was significant only for stillbirths (p<.05).
Role of Pregnancy Rates and Outcomes
The difference in maternal mortality rates between the two areas was due to differences in both pregnancy rates and the average risk of maternal mortality (the maternal mortality rate is the product of these two measures). As Table  1 showed, both the pregnancy rate and the maternal mortality risk in the MCH-FP area were 21% lower than those measures in the comparison area, hence they contributed equally to the lower rate of maternal mortality in the former area.
Finally, the simulation exercise generated hypothetical maternal mortality risks for each area by substituting either the distribution of pregnancy outcomes or the casefatality rates of the other area. One simulated risk was calculated by applying the case-fatality rates of the MCH-FP area to the pregnancy outcome distribution of the comparison area, and the other was calculated by applying the case-fatality rates of the comparison area to the outcome distribution of the MCH-FP area ( Table 5 ).
The simulations showed that most of the difference in overall maternal mortality risk was due to differences in case-fatality rates. If the case-fatality rates of the comparison area remained the same but the pregnancy outcome distribution were changed to that of the MCH-FP area, the mortality risk would decrease by 5%, from 369 to 351 deaths per 100,000 pregnancies. In contrast, if the distribution of pregnancy outcomes in the comparison area remained the same but the case-fatality rates were changed to those of the MCH-FP area, the mortality risk would decline by 18%, from 369 to 301 deaths per 100,000 pregnancies.
If the MCH-FP area retained its case-fatality rates but had the outcome distribution of the comparison area, its maternal mortality risk would increase by 3% (from 292 to 301 deaths per 100,000). However, if the MCH-FP area kept its outcome distribution but had the case-fatality rates of the comparison area, its mortality risk would increase by 20%, from 292 to 351 deaths per 100,000. Thus, of the observed difference of 77 maternal deaths per 100,000 pregnancies between the two areas, 12-23% may be attributable to differences in the distribution of pregnancy outcomes, while 77-88% may be attributable to differences in case-fatality rates. Maternal mortality risk (deaths per 100,000 pregnancies) by pregnancy outcome for both areas combined and for each area separately; and odds ratios comparing the mortality risk associated with each outcome between the two areas terparts in the comparison area, suggests that the former area's maternity care program has been able to more effectively manage pregnancies that do not result in live births, especially stillbirths. As mentioned earlier, women in the MCH-FP area were more likely to use antenatal care and maternity services both at home and in hospitals, especially since early 2000. A substantial proportion of their deliveries took place in MCH-FP project facilities, which can treat complications and also have an effective referral system to higher-level facilities. Because they had better access to antenatal and maternity services than women in the comparison area, women in the MCH-FP area who had miscarriages or stillbirths probably sought health care more often and more quickly, and this likely reduced the risk of dying from such outcomes. Nonetheless, it is puzzling that the MCH-FP project does not seem to have resulted in fewer deaths during pregnancy (before any outcome) or to have reduced mortality among women who have live births. Further research should investigate these issues. Several factors help explain the lower maternal mortality risk associated with induced abortions in the MCH-FP area. The maternity centers equipped with postabortion care services in this area are likely to reduce the risk of women dying from unsafe abortions, which are still quite common in Bangladesh. MCH-FP maternity center staff and community-based midwives direct women who require blood transfusion or dilation and curettage to the nearby district hospital in Chandpur. 30 These services are not available in the comparison area. Furthermore, women in the MCH-FP area are more likely than those in the comparison area to use menstrual regulation rather than seek induced abortions from untrained providers. 18 The very high risk of maternal mortality associated with stillbirths, especially in the comparison area, deserves public health attention. Stillbirths that occur at full term or near full term are likely to be associated with delivery complications that do not receive appropriate and timely interventions. Most women in Bangladesh give birth at home with the assistance of untrained birth attendants. When complications occur, the woman's relatives may adopt a wait-and-see approach or seek help from untrained or traditional health care providers. The extent to which women receive postnatal care after pregnancy outcomes other than live births merits further study.
The Matlab MCH-FP project has demonstrated that better family planning services-in terms of access and quality-can reduce pregnancy rates and, by also reducing unintended pregnancies, help lower the incidence of induced abortion. 14, 20 However, very little is known about how to prevent miscarriages and stillbirths. Our research in Matlab has shown that short interpregnancy intervals are associated with a high incidence of miscarriage and stillbirth. 31 Therefore, interventions that promote the healthy timing and spacing of pregnancies should be useful in reducing these outcomes. We have also found that women with an interpregnancy interval of more than five years are more likely than others to have a miscarriage or stillbirth.
DISCUSSION
In this analysis of a large sample of pregnancy outcomes and maternal deaths over a 24-year period, we found that the maternal mortality risk in Matlab as a whole was more than six times as high for pregnancies that did not result in a live birth as for those that resulted in a singleton live birth. If all pregnancies in Matlab resulted in singleton live births, or if women with other pregnancy outcomes had a mortality risk the same as that associated with singleton live births and no women died during pregnancy, the maternal mortality risk would be 61% lower than the observed overall risk of 333 deaths. If a comparable decrease from the level of maternal mortality in 1990 could be achieved by 2015, it would come close to meeting the Millennium Development Goal for reduction of maternal deaths.
Many of our results are similar to those found in other studies conducted in Matlab. The level of mortality risk per 100,000 pregnancies and the lifetime maternal mortality risk reported here are comparable to those reported elsewhere. 29 Our finding of a very high risk of mortality associated with stillbirth is similar to that found in another study from Matlab. 4 In addition, our research has confirmed previous findings that maternal mortality was significantly lower in the MCH-FP area than in the comparison area. 14 We found that the maternal mortality rate and the lifetime risk of maternal mortality were each 37% lower in the MCH-FP area. We found three reasons for this difference. First, women in the MCH-FP area had fewer pregnancies and hence were less often exposed to pregnancy-related risks. Second, the pregnancies that women in the MCH-FP area did have were less likely to result in induced abortions, miscarriages or stillbirths, all of which had higher risks of maternal mortality than did live births. Third, when women in the MCH-FP area did have abortions, miscarriages and stillbirths, they were less likely to die than women in the comparison area. These differences in casefatality rates accounted for the majority of the difference in overall maternal mortality risks between the two areas.
Each of these differences between the areas was likely due to the interventions that have been in place in the MCH-FP area. For example, the lower pregnancy rate in the MCH-FP area can be attributed to its higher contraceptive use rate. These interventions may also explain the lower proportions of pregnancies that resulted in induced abortions, miscarriages and stillbirths. The greater use of contraceptives in the MCH-FP area also led to fewer unintended pregnancies, and hence fewer induced abortions. 20 Women in the MCH-FP area had better access to reproductive health services and information, and so pregnant women were more likely to get health care from community-and facility-based providers, which presumably resulted in fewer miscarriages and stillbirths.
The lower rate of mortality among women whose pregnancies ended in induced abortion, miscarriage or stillbirth in the MCH-FP area, compared with that among their coun-Hence, counseling and monitoring of women who have a subsequent pregnancy after a long period of time may help reduce the incidence of these two outcomes. Furthermore, studies have found a pattern of repeated miscarriages and stillbirths among women, 31, 32 and therefore monitoring women with a history of such outcomes may help them avoid a repetition. There is some evidence that the incidence of stillbirth is declining in both areas of Matlab, with a greater decline in the MCH-FP area. 22 Further research should focus on the factors associated with pregnancy losses. The fact that about a third of maternal deaths occur during pregnancy prior to an outcome underscores the importance of antenatal care and the need to identify lifethreatening conditions.
Conclusions
Maternity care providers and community health workers should counsel pregnant women about the mortality risks of miscarriages, stillbirths and unsafe abortions, and should advise them to immediately contact trained providers if they have such outcomes. Women who experience these outcomes should be monitored for a longer time than those who have live births, because improved management of these outcomes can reduce maternal mortality. If linked with high-level obstetric care, greater access to maternity care services could reduce the incidence of miscarriage and stillbirth, thus decreasing the number of women dying from the complications of such outcomes. More effective policies and safer management of induced abortion, miscarriage and stillbirth could have a strong and positive impact in reducing maternal mortality in Bangladesh and similar countries. 
